Women with children earn less than women without children. To study this motherhood wage gap I propose a dynamic model of human capital accumulation in which labor force participation is endogenous and labor supply is measured by hours and effort. Three explanations are evaluated: career interruptions, time and energy demands of child care and selection into motherhood. Empirical decomposition strategy builds on theoretical predictions. The results suggest that loss of human capital is the main reason for mothers' lower wages. Mothers do not reduce their work effort, and there is no evidence that selection drives the motherhood wage gap.
heterogeneity cannot explain the entire motherhood wage differential.
A third dominant explanation for the family gap follows from the work-effort hypothesis. This theory suggests that lower effort inputs may reduce the productivity of women with children, leading to a lower pay. Becker (1985) develops a framework with time and energy constraints to analyze female and male labor market outcomes. He shows how persons who devote much time to effort-intensive household activities, like childcare, economize on their use of energy at work. Effort is unobserved, but a few studies indirectly test the Becker (1985) theory. Anderson, Binder and Krause (2002) use the age of the child upon the mother's return to the labor market to proxy for energy demands at home, and their findings do not support the work-effort explanation. Phipps, Burton and Lethbrigde (2001) assume that women who spend more time on housework and child care, have less energy for the labor market. They control for time spent on unpaid work and show that the child penalty declines, but remains significant. Waldfogel (1997) argues that if this hypothesis is true, single mothers should have greater effort-related wage penalties, for which no support is found in the data.
A large portion of the family gap literature is directed to examine the effects of mothers' time out of the labor force and decreased working hours on their earnings. These studies commonly implicitly assume that the duration of maternity leave is independent of effort allocation.
Here, I develop a dynamic version of Becker's (1985) framework in which human capital is accumulated in a learning-by-doing process, to account for the effects of both work interruptions and energy constraints on post-motherhood earnings. In the setup proposed here, hours worked, effort and maternity leave are determined simultaneously and might be correlated. Following theoretical implications, I propose a decomposition method that accounts for this endogeneity. Surveys (ATUS) and Current Population Surveys (CPS). I construct a first-differences wage specification and compare women who had a child during the survey period to those who did not. For women who had a child I use pre-and post-motherhood wages. I estimate the mean birth-related wage loss to be around 5%. This wage growth differential is decomposed in two steps. First step is to derive human-capital-accumulation process parameters to evaluate the effects of change in human capital on wage growth. In this stage I employ theoretical predictions about the negative trade-off between time and effort allocations: spending fewer hours on an energy-intensive activity allows a person to exert more effort in all activities. A measure of hours worked before and after the maternity leave is used to proxy for a portion of change in effort. To address the remaining heterogeneity, driven by unobservable time and effort demands of childcare, I employ the instrumental variables technique. Observable individual fixed effects are used as instruments. This procedure delivers the average human capital depreciation rate. The net accumulation rate is derived using wage observations of women who were continuously employed and did not have children during the survey period. By constructing the change in human capital for each worker and netting it out from the disparity in wage growth driven by motherhood, I deduce the proportion of wage growth that is due to effort reallocation.
The results show that women who remain on maternity leave and out of the labor force longer tend to earn lower hourly wages when they return to the market. I estimate the monthly depreciation rate of human capital to be around 1%. This coefficient is underestimated in specifications that do not account for the correlation between change in (unobservable) effort and maternity leave duration. The net monthly accumulation rate of human capital is 0.2%. The mean duration of maternity leave is 5.5 months, which implies that the failure to accumulate human capital while on leave explains the entire wage loss experienced by mothers, leaving no room for effort reallocation to explain the gap.
The remainder of the paper is organized as follows. Section 2 builds the theoretical framework, which establishes the relationship between market time and effort, and the origins of correlations between maternity leave and time and effort allocation. It also presents the main empirical implications. Section 3 discusses the data and methods of selecting the key variables.
In Section 4, I outline the empirical strategy, discuss the validity of the instruments used in the first stage of the estimations and present the results. Section 5 concludes the paper. This section suggests a dynamic model of the female labor supply in which both time and effort can respond. The model builds on the static time and effort allocation framework, developed in Becker (1985) , and expands into a dynamic setup where human capital is accumulated in the learning-by-doing process. Three variables define wages at each stage of the life-cycle: market time, market effort and human capital. Time and effort are chosen every period, and human capital is accumulated by learning-by-doing, and depreciates during time spent out of the labor force.
Time is continuous and the agent lives for T periods and delivers a child at age B. There are no fertility decisions in the model and B is given. The presence of a child is indicated by x i (t) = {0, 1}. Utility is defined over streams of consumption, c(t), and effective leisure, l(t), where t ∈ [0, T ] and denotes the agent's current age. Effective leisure is a function of time, n(t), and energy, f (t), devoted to leisure activities, such that l(t) = n(t) f (t) ρ . Effective labor on the market l(t) is defined as l(t) = n(t)f (t) σ , where n(t) and f (t) are time and effort per hour spent on market activities. The parameters ρ and σ are the respective elasticities of effective home and market time with respect to effort exertion, where 0 < ρ and σ < 1. I assume that market work is more energy intensive than housework and leisure activities, which implies ρ < σ. 2 Each worker is endowed with fixed stocks of time and energy which are allocated over various activities in a single period.
The time constraint is defined as market time + leisure time + childcare time = 1.
Worker i in period t spends an amount of time n i (t) in the market and n i (t) at home,
Workers with children have fewer hours to allocate to leisure and market activities if child care time, η i , is positive and known at time 0. Individuals may face different time constraints after a child's birth. I define f (t) and f i (t) as the effort levels per hour the worker exerts at work and at home, respectively. The energy constraint takes the following form:
This constraint presents workers with a trade-off: working more intensely in the market results in less energy for non-market activities. Energy demands of children per hour are given by φ.
For simplicity I assume that φ is constant. When a child is born, the mother reallocates her time and effort spent on all activities to meet the tightening energy and time constraints.
The agent chooses her consumption stream, c i (t), time and effort supplies,n i (t) and f i (t), and the duration of maternity leave, M i , to maximize the present discounted value of lifetime utility, given by
where θ > 0 and is the rate of time preference. The functions u(·) and v(·) are continuous and twice differentiable with u (·), v (·) > 0 and u (·), v (·) < 0. Three life-cycle stages, before having a child, maternity leave, and after the return to the labor force, are distinguished by discrete jumps in the utility the agent receives from effective leisure, v l i (t) .
Non-labor income in period t is a sum of assets, a i (t), and spousal income, b i (t), where a i (0) and b i (t) ∀t are exogenous. Given non-labor income, wage W (t), and constant interest rate r > 0, the budget constraint for an individual i in period t is given by:
The wealth constraint is constructed by summing budget constraints over the life cycle.
A worker's wage is a function of working hours, effort level and human capital, formulated as:
. Total worker productivity, n i (t)f σ i (t), depends on both time and effort, given the elasticity of effective market time with respect to effort exertion, σ, where
Human capital stock in period t, H t , equals human capital in the preceding period H i (t−1)
plus the new human capital produced in t − 1 such that
and
The learning-by-doing parameters, δ and α, are the depreciation and accumulation rates, respectively, and, p i (t) is the indicator of labor market participation, p i (t) = 1 if n i (t) > 0 and p i (t) = 0 otherwise.
The log of observed hourly wages,
, of agent i is given by ln w it = σ ln f it + ln H it + υ it , where υ it summarizes the measurement error in the data.
Empirical Specification
Using the wage and human capital specifications, I construct a difference-in-differences equation to evaluate wage rate losses associated with motherhood:
where M is the maternity leave measure of new mothers, or an arbitrary spell for non-mothers.
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P i,M = 0 indicates that the worker was on maternity leave for M periods.
Equation (5) formulates the wage change using wage observations before and after maternity leave. The first term summarizes the effect of effort reallocation. The interaction between maternity leave and birth indicator (the third term in the equation) sums the wage losses associated with forgone human capital accumulation while out of the labor force. Equation (5) can be used to evaluate the effects of change in effort and human capital on earnings. However, if effort is not observed and correlated with the maternity leave duration, the estimation results might be biased.
Theoretical analysis of shows that the duration of maternity leave, hourly market effort 4 Lagging human capital for D periods yields the following expressions:
where P i,D indicates whether worker i was employed during the D periods and P i,D = 0 otherwise. and the change in market effort, are driven by the same forces and are implicit functions of the marginal utility of wealth, η, H 0 and B. Therefore, the optimal duration of maternity leave, M , and the change in exerted effort at work,
, might be correlated. 5 If time demands of motherhood are more important than energy demands, workers with children conserve on time away from home by decreasing their hours worked in the market and increasing their effort inputs. Alternatively, both time and effort inputs may decrease upon the return to the labor force if energy demands of children are relatively high.
The estimation is performed in two steps. First, I use theoretical predictions about the trade-off between effort and hours of work to substitute for the change in effort in equation (5).
Second, instrumental variables are employed to address the remaining endogeneity.
To supply effective labor to the market workers choose the number of hours to work and the effort to exert per hour. In this setup, the more hours the worker wishes to supply to the energy-intensive activity -market work, the less effort she will be able to supply to that activity.
This relationship between effort exerted at work and hours supplied is derived from the hours and effort first order conditions and the energy constraint. The change in market effort after work interruption can be expressed as a function of hours supplied before and after the child's birth:
where
, f 0 is the hourly effort before the work interruption (i.e., a childbirth) and f M represents effort exerted upon the return to the labor force (M periods later), where
and indicates the presence of children in period M .
Substituting change in effort from equation (6) into equation (5), and setting P M = 0 and x M = 1 yields the new-mothers' wage change,
Parameter Γ is the ratio between energy inputs at work and at home. If all variables in equation (7) are observed, a simple OLS procedure will provide unbiased parameter estimates. However, the coefficients might be biased if the time demands of children, η i , are unobserved and correlated with the duration of maternity leave and time reallocation decisions. I resolve the endogeneity and non-linearity issues using a Two-Sample TSLS (TSTSLS). 6 TSTSLS can be implemented if two datasets share a common set of instruments but the endogenous regressors and the dependent variable are not jointly included in both datasets. In the current context, the first-stage regression of the first term in equation (7),
, is estimated using data from the combined sample of the American Time Use Survey and Current Population Survey (ATUS-CPS; 2003 -2007 . This data set includes measures of hours, time spent on child care and the set of instruments but does not contain a measure of maternity leave. To proxy for η I use a measure of time spent on physical child care (i.e., feeding, medical care, grooming). A detailed description of the data is provided in the following section.
I estimate the first stage of the maternity leave decision and the second-stage equations using the main dataset, Survey of Income and Program Participation (SIPP; 1996 , from which all variables in equation (7) except η and φ are available. The vector of instruments, Z, contains the same set of variables in all first stage specifications. The choice of the instruments is driven by theoretical specifications of the time allocation and maternity leave decisions. The lifetime budget constraint implicitly determines the optimal value of the marginal utility of wealth, which affects both maternity leave and time allocation decisions. Marginal utility of wealth is a function of initial assets, lifetime wages, fixed costs of work, interest rates, rates of time preference, consumer tastes, initial human capital level, age at the child's birth and time and energy demands of children. Variables in this set that are not correlated with the time demands of children can be used as instruments for maternity leave and hours worked.
Using the proposed estimation strategy, I employ equation (7) and estimate the depreci- 6 For more details about the method see Angrist and Krueger (1992) . ation rate, δ. I estimate the net accumulation rate, α − δ, using a subsample of women who did not have a child during the survey period. With α and δ in hand, I net out the effects of the change in human capital on wage growth and evaluate the remaining possible source of the difference between new mothers and non-mothers, effort reallocation. To study the effects of childbirth on female labor market outcomes, I restrict the sample to married couples only, in which the wife is between the ages of 18 and 45. Individuals must not be in the armed forces, disabled or attending school full time. Also, I do not use observations that are missing any key variables (e.g., hours, earnings, age, education). The raw sample used in this study contains information on 20,707 women (and their spouses), 3,736 of whom had a child during the course of the panel. New-mothers with at least one wage observation before and after birth account for 1,252 cases. "Non-mothers" with continuous wage observations provide 4,610 observations. The dependent variable in most of the analyses is the change in log real hourly wage rate 7 I use the term "new mothers" to refer to women who gave birth during the survey period. The last child is the relevant one for analysis purposes. "New mothers" may have previous children. The control group, "non-mothers" is constructed using observations of women who did not have a child during the survey. These women also may have children who were born before the survey period.
for the main job (in 2000 US dollars). To calculate the change, I use averages of the wage before and after the maternity leave. I use wages reported from 12 to 3 months prior to child's birth to construct the "before" measure. Wages observed 1 to 12 months after the return from maternity leave are used to obtain the average "after" wage.
8 I consider a wage change as unreasonable if the hourly wage increases by more than 400%, or decreases by more than 75%
while on leave (about 25 observations).
Summary statistics of the variables used in this paper are given in Table 1 . Women who delivered a child are fairly similar to women in the control group in terms of education, race, and labor force outcomes before childbirth. Their hours worked and wage rate after return to the labor force are significantly lower than those of women who worked continuously and did not have children. Women who did not have a child during the survey period are older (by 5 years on average) and have more children (0.5 more, on average).
The maternity leave variable measures the number of non-working months immediately following a birth, unless the leave have started before the birth. Respondents report their labor market status for each week during the survey month. A leave that started before and up to three months after the birth date is considered valid. Once the new-mother is observed to be working, her maternity leave is considered to be concluded. The maternity leave measure is limited because SIPP tracks only unpaid leave. Thus, if paid leave was not followed by some period of unpaid leave, leave duration will be recorded as zero months; using this definition, 25% of new-mothers have zero maternity leave. This 25% figure can be compared to the 4% of zero leaves reported in the second wave of1996 panel; this wave records the actual length of paid or unpaid maternity leave taken after giving birth to first child. For women who have zero leave, I take a few more steps. First, I update the maternity leave measure using other available labor status variables: monthly employment status, hours worked, monthly earnings. Second, during the second wave of the 1996 survey, female respondents were asked about their fertility history and reported the length of maternity leave taken after their first birth. For women with zero months of leave who remained with the same employer since birth of their first child, I
correct the duration of leave to the duration reported in the second wave. These two procedures reduce the percentage of workers with zero months of leave to 20%. Additionally, employees who reside in California, Hawaii, New Jersey, New York or Rhode Island and railroad industry employees are entitled to at least 6 weeks of paid leave provided by Temporary Disability Insurance (TDI). For these women, I correct the maternity leave period from zero months to the shortest period offered by law in these states, 1.5 months. 9 This correction reduces the fraction of women taking zero months maternity leave to 15%. The distribution of the duration of maternity leave among women who worked prior to having a child is given in Figure 1 . The mean duration of maternity leave is measured at 5.4 months, given in Table 1 . The potential measurement errors in the maternity leave variables are considered in the empirical analysis.
Additionally, I repeat some estimations using only non-zero maternity leave durations, but do not obtain different results.
For comparisons between new-mothers and non-mothers I construct a "leave" for the latter group as well. For non-mothers, it is a random variable drawn from the percentage distribution of maternity leave provided in the second wave of SIPP 1996.
American Time Use Data (ATUS) and Current Population Survey (CPS)
SIPP data provide no information about time spent caring for children. Therefore, first- ATUS uses a 24-hour recall of the previous day's activities. Within each households that participates in ATUS, one randomly selected member (age 15 and up) was asked to provide information about his/her daily activities over a randomly assigned 24 hour period. Respondents were asked to describe each activity they did that day, and how much time (in minutes) they spent on the activity. Each day of the week is equally represented within the survey, and 9 Generally, employers that provide TDI, must cover pregnancy and childbirth as well.
I use only information collected on weekdays and non-holidays. The raw ATUS data contains 72,922 observations. My primary analysis sample includes married women between the ages of 18 and 45 who worked on the diary day and spent some time providing child care. Because it is impossible to specify which child in the household received care, I specify a subsample in which I include only respondents with one child under two years old (for compatibility with the SIPP sample). This subsample counts 393 observations of mothers. (Married women with one child below 5 years old account for 499 observations)
The analysis uses two definitions of child care. "Physical child care" is any time spent meeting the basic needs of children, including breast-feeding, rocking a child to sleep, general feeding, changing diapers, providing medical care, grooming, etc. This variable proxies for time demands of children. "Non-physical child care" includes time spent on education (e.g., reading to children, teaching children or attending meetings at a day care center) and on recreational child care (e.g., playing games with children, playing outdoors with children, going to a zoo or taking walks with children). Table 2 shows summary statistics for the ATUS sample.
To obtain information about pre-birth labor market activity I match previous waves of CPS ple could be matched with previous CPS waves, of those 150 respondents had a child during the CPS course and had wage and hours observations prior to having their first child. Due to the low number of observations in some specifications weekend data is utilized as well, which increases the merged ATUS-CPS sample to 277 observations. Descriptive statistics for these data are given in Table 2 .
The statistics presented in Table 2 show that the average time spent on physical child care is around 1.4 hours per day, in both subsamples, ATUS-CPS and ATUS. Statistics of age, education, spousal education and metro status, are fairly similar to those obtained using the SIPP data.
Having established a framework where allocations of market time and effort and the duration of maternity leave are endogenous, I examine the origins of childbirth-related wage loss. I also discuss the limitations of the standard family gap estimations. Correlation between maternity leave duration and effort reallocation decisions may lead to a biased decomposition of the motherhood wage penalty. The effects of selection into motherhood on wages are assessed separately by comparing wage rates of future mothers to those of women who will not have children in the near future. I find no indication of selection.
Family Gap Estimations
Log wage rates before and after maternity leave, or an arbitrary spell, are given by
where P M is an indicator of having a child and M is the maternity leave, or an arbitrary time period for non-mothers. In practice, the total family gap can be estimated using a form of equation (10):
where Birth ∈ {0, 1} and β summarizes the average of
and the differences in unobservable characteristics if mothers were a selected group. The control group in this specification, women with Birth = 0, includes only continuously employed non-mothers. Estimating equation (10) represents the common approach to assess the effects of motherhood on wage, where Birth may replaced by a vector of dummy variables to summarize the number of children in the household.
Subtracting equation (8) from equation (9) nets out individual fixed effects. The first differences equation of the hourly pay rate between periods t and t − M i is given by equation (5) and takes the form:
When summarizing all unobservables using a dummy variable to indicate birth, (or using a vector of dummy variables to indicate the number of children), equation (5) takes the following form:
where β summarizes the average of
. This equation is comparable to fixed effects models used in earlier studies that evaluate the family gap.
I first estimate equations (10) and (11) and compare the results to those of previous studies. 10 Table 3 displays the results. Column (1) of Table 3 provides estimates of equation (11).
The coefficient of the Birth variable in this regression is -4.9% and corresponds to the mean wage loss due to motherhood. Column (2) displays estimation results of equation (10). The coefficient of the Birth indicator is -4.2% in this specification, showing no support for the hypothesis of negative selection into motherhood. The estimated coefficients of the future birth on wage growth and wage level, in columns (3) and (4), respectively, also suggest that, controlling for observable characteristics, there is no negative selection into birth timing or motherhood.
Women who will have children in the near future do not earn less and do not have lower wage growth compared to those who will not. The effects of birth on hours worked before and after are given in columns (6) and (7). 11 Childbirth has a strong negative effect (-13%) on hours worked after the return to the labor force, but the data show no significant negative effect of future birth on hours worked before the pregnancy.
The estimated -4.9% family gap in the first difference specification is comparable to estimates reported in other studies. For example, using fixed-effects models, Anderson, Binder and Krause (2002) find this gap to be around 3%, and Waldfogel (1997) estimates 6%. In a cross-sectional analysis, Anderson et al. (2002) and Waldfogel (1997) find the wage penalty for one child to be 4% to 7%.
Step I: Estimating the Depreciation Rate of Human Capital
The estimation results in Table 3 suggest the family gap is not driven by selection, when age, education and other characteristics are taken into account. The next step is to quantify the wage losses associated with motherhood into depreciation of human capital and effort reallocation. Motherhood wage penalty is decomposed in two steps. First, I obtain the human-capitalaccumulation process parameters to evaluate the effects of work interruptions on wage rates. I estimate the depreciation rate of human capital using the subsample of women who gave birth during the survey period. Net accumulation rate is derived using a subsample of women who were continuously employed and did not have children during the survey course. The final step is to derive the proportion of the wage growth that is due to effort reallocation.
Wage losses of new-mothers are given in equation (7), the following equation is estimated:
where X it is a set of control variables and includes race, age, number of prior children, metro status and spousal working hours.
The key parameter of interest in equation (12) is the monthly depreciation rate, δ. The coefficient of maternity leave in (12) may also summarize effects of changing job characteristics.
For example, women who stay longer on leave may also be more likely to switch to jobs that offer better hours flexibility but lower pay. In this case δ will not only reflect the depreciation rate but also changing work conditions. To evaluate this interpretation I estimate equation (12) for job stayers only and show that results are very similar to those obtained for the full sample.
An OLS procedure will provide a consistent estimate of δ only if there is no variation in the unobservable time and effort demands of children. However, if there is such heterogeneity, estimated coefficients might be biased. The TSTSLS procedure addresses these heterogeneity issues. I choose instruments from the set of individual fixed effects variables: education, spousal education, non-labor and spousal income and a state policy indicator of whether paid maternity leave (TDI) is available. Different combinations of instruments are used for robustness tests. The choice of instruments is derived from theoretical implications, where these variables determine the marginal utility of wealth, and therefore affect labor market choices. From the empirical perspective, these variables are not correlated by construction with the change in the individual specific error component, υ i . I also test for orthogonality between the instruments and σ ln(1 − ηφ). Additionally, a set of alternative instruments, total net worth record and state dummy variables, is used to examine the robustness of the coefficients. The instrumental variables approach should also correct any biases associated with classical measurement error in the maternity leave variable and hours of work.
First-Stage Results
To proxy for the time demands of children, η i , I use the measure of time spent on physical child care, (e.g., feeding, rocking a child to sleep, changing diapers, providing medical care and grooming).
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The first step is to estimate the function of change in hours using the ATUS-CPS merged data where the time demands of children are observable. The equation is specified as
where Z i is the vector of instruments, including education, spousal education, spousal income, spousal income squared and a state maternity leave policy indicator. X i includes race, age, number of children before the current birth, 13 metro status and spousal working hours.
Then, I estimate the maternity leave equation by using the SIPP data:
12 I assume that the activities on this list are either directed by the child's needs or by parental beliefs about child care.
13 ATUS data provides measures of time spent on child care of all children in the household. Because it is almost impossible to distinguish between the amount of care received by each child, I limit ATUS estimations to households with one child who was born during the 16 -20 months of the CPS and ATUS surveys.
Note that the vectors Z i and X i contain the same sets of variables in all estimations.
I implement this two-stage procedure due to data availability: ln w i , Z i , X i , n 0 and n M are present in both datasets, whereas M is available only in SIPP and η i is available only in ATUS. The standard errors of the structural coefficients are corrected for the fact that a predicted variable is used in the second stage. Table 4 displays the first stage estimation results. The estimates in column (1) show a strong relationship between the change in hours worked and spousal income. This relationship is non-linear and implies that spousal income is negatively correlated with change in hours at lower spousal income levels and positively at higher spousal incomes. Column (2) displays similar outcomes for a larger sample that includes weekends. Columns (3) and (4) use
to proxy for ln
. This exercise allows to evaluate the deviations from the true coefficients if the first-stage equations were estimated using the SIPP data, which does not provide a measure of the time demands of children. The results in columns (3) and (4), using workdays and all weekdays, differ in magnitude but show similar patterns to those obtained using the information about time spent on child care.
The last two columns of Table 4 show estimates that were obtained using the SIPP data.
Column (5) presents the results from regressing the proxy of hours ratio, ln Column (6) in Table 4 displays the estimation results of the maternity leave equation using the SIPP data. These results are in line with the theoretical analysis. Higher education leads to a shorter leave, whereas higher spousal education prolongs the leave. Spousal income is negatively correlated with maternity leave duration for lower income levels, whereas this correlation is positive for higher spousal incomes.
For specifications estimated using the SIPP data I perform relevance tests. The F-test statistic of excluded instruments for maternity leave regression is 9.3 and 4.6 for the hours ratio regression. The Cragg-Donald weak identification statistic is 5.4, which suggests that the maximum bias of TSLS will be no more than 20% of the bias of OLS.
Validity of the Instruments
Education might be correlated with child care demands if there is a relationship between child care abilities or beliefs about how much time and effort to spend on child care and education.
Alternatively, spousal education might be correlated with his degree of participation in child rearing.
14 In most tests data is drawn from ATUS and CPS, 2003 -2007 . I test whether the mother's time spent on child care and parental education are related in families with one child under the age of 2 years. Only individuals who spent some time on physical child care on a given day are in the sample. The outcomes are presented in column (1) of Table 5 and suggest that there is no relationship between education and physical child care. I also regress a measure of time spent on non-physical child care during a given day using similar explanatory variables, these results are in column (4). These estimations provide statistically insignificant coefficients as well but their point estimates have higher absolute values. As an additional robustness check, same estimations are performed for parents of one child below 5 years old, the results are displayed on the lower panel of Table 5 . These estimates suggest similar conclusions, i.e. no significant correlation between education and the time demands of children (proxied by physical child care).
I also test whether spousal income and time spent on physical child care are correlated.
For example, wealthier workers may employ more child care help, which would lead to a negative correlation between the time demands of children and non-labor income. The results are reported in columns (2) and (5) of Table 5 . Coefficients of spousal income in various specifications are not different from zero, especially in estimations that use physical child care
and not other child care specifications.
The estimation results in columns (3) and (6) use all available instruments. These results also show that there is no statistically significant relationship between the instruments and the time spent on physical child care and support the assumption about orthogonality between the instruments and σ ln(1 − ηφ).
Additionally, during the 7th wave of the SIPP, some of the respondents were asked whether 14 To test the assumptions about orthogonality between the instruments and σ ln(1 − ηφ), φ is set to equal 1. The conclusions do not change if using other values of φ, where φ ∈ [1, 2]. they feel that their children are harder to care for than most children.
15 I evaluate the correlations between this variable and both respondent's education and spousal income. In these estimations, I use only the answers of those respondents who had their first child during the survey course but before Wave 7. The results are reported in Table 6 and suggest that there is no significant correlation between education, spousal income and the hardship of child care.
Results
The OLS results are presented in columns (1) and (2) of Table 7 . Column (1) presents the estimates of ln w it = −δM i + X it β + ξ 1 it , where the change in effort enters into the error term. The estimated monthly depreciation rate in this specification is 0.6%. Column (2) shows the results for ln w it = σ ln
it , where η is the mean value of η i measured in the ATUS data. The results in column (2) show that the addition of the hours ratio positively affects the estimated depreciation rate, which increases to 0.7%. This outcome implies that the portion of the change in effort that is captured by the proxy of hours ratio is positively correlated with the duration of maternity leave but is relatively small.
TSTSLS estimation results are reported in columns (3) and (4) of Table 7 . The difference between columns (3) and (4) is in the data source used in the first-stage estimation of the hours ratio. Monthly depreciation rate estimates obtained in both specifications (using ATUS-CPS or SIPP) are very similar and are in the range of 1.1 -1.2%.
The depreciation rate measure may also reflect changing work conditions. If women who stay longer on leave also tend to seek jobs with higher hours flexibility then δ reflects not only depreciation but also changing job conditions. Table 8 provides results based on a subsample of job stayers in an attempt to minimize the effects of changing work conditions on estimates.
A discussion of these results is given in Section 4.2.4.
Both the OLS and IV results show that the duration of maternity leave has a significant impact on earnings. TSTSLS estimates of the depreciation rates are comparable to those found in the existing literature. Many authors consistently find that displaced US workers face a large and persistent earnings loss upon re-employment in the range of 10% to 25% per year of non-participation, (see for example, Bartel and Borjas, 1981; Ruhm, 1987; Jacobson, LaLonde and Sullivan, 1993; Fallick, 1996) . Mincer and Ofek (1980) , use panel data and find that one year of non-participation results in 3.3% to 7.6% wage loss in the short run for married women. Mincer and Polachek (1974) find that motherhood-related work interruptions lead to a 4.3% annual wage loss for women with at least some college education, (comparable to the relevant education group outcomes in this study).
The last two columns of Table 7 report results obtained using alternative sets of instruments. In column (5), I use spousal income and net worth to instrument for the proxy of hours ratio and for the maternity leave duration. In column (6), I use state dummy variables as instruments, (state indicators should pick up information about regional labor market conditions, legislation and social norms). The monthly depreciation rates estimated in these specifications are very similar to (but less precise than) those obtained using the other specifications.
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Comparison of OLS and IV Estimates If there is a positive relationship between the change in effort and the duration of maternity leave, OLS tends to underestimate the true depreciation rate. In this case, the depreciation rate obtained through OLS will be smaller than a valid TSLS estimate. This result implies that women who choose to stay out of the labor force longer after childbirth will also choose to work shorter hours after returning to work and to exert more effort per hour of work. These allocations are feasible if child care is more time consuming than energy consuming. If this is the case, then a worker who spends fewer hours working in the market is able to allocate more effort to all activities.
A second potential reason for the TSLS estimate to exceed the OLS estimate is that a shorter duration of leave may reflect changes in market conditions. For instance, workers who have better job offers are more likely to return to work earlier. In this case the human capital depreciation rate obtained in OLS estimations is downward biased.
The presence of measurement errors may also yield a downward bias in the OLS estimates.
Measurement error in the maternity leave variable may attenuate the OLS estimates, but the IV results are not affected. To evaluate the potential effects of measurement errors, I repeat OLS and TSTSLS estimations using only a subsample of individuals with non-zero entries for 16 First-stage estimation results for these specifications are available from the author upon request. maternity leave. The coefficient estimates are not different from those reported in Tables 4 and   7 . These results are not reported here but are available upon request.
Robustness Tests
The subsection provides a robustness analysis for human capital depreciation rate.
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Human Capital Depreciation and Education There is no consensus on how education affects the motherhood wage penalty. For example, Anderson, Binder and Krause (2002) find that more educated mothers experience larger wage losses, while Amuedo-Dorantes and Kimmel (2003) find that college-educated women experience no penalty. Because the human capital accumulation process might be correlated with education, I estimate TSLS and OLS regressions separately for high school graduates and dropouts and workers with more than a high-school education. The results show that the depreciation rate does not vary much across educational levels.
Human Capital Depreciation and Occupational Choice
The analysis presented up until now does not distinguish between general and firm-specific human capital. This distinction might have important economic consequences because workers who spend more time on maternity leave (more than 12 weeks) are not protected by the law and are more likely to start a new job upon their return to the labor force.
18 Additionally, women who spend longer out of the labor force may obtain jobs with different characteristics, for example, with higher hours flexibility but lower pay. This possibility raises the question of whether the results are driven by those workers who change jobs. I find that 28% of new-mothers change jobs, compared to 11% of women in the control group. To address job mobility, I perform OLS and IV estimations using only observations of those who do not switch jobs ("stayers"). The results are reported in Table 8 . OLS results are displayed in columns (1) and (2). Depreciation rates in these specifications are 0.6 -0.7%, very similar to the values obtained using the entire sample. TSTSLS results for stayers displayed in column (3), are not very different from estimates using the en-tire sample; the point estimate of the monthly depreciation rate is 1.3 percent and significant at 10% level.
I also examine whether human-capital-accumulation parameters differ by occupation or industry. First, I add occupation and industry indicators to the basic OLS and TSLS specifications. I find that this modification does not change the estimated depreciation rates. In addition, I decompose the population of new-mothers by occupational category. For this exercise, I use the most highly represented occupations: professionals and managers, administrative support workers, sales workers and a merged category of laborers and personal and food service workers. For these estimations, I use pre-motherhood occupations. I find that the estimated depreciation rates for the first two categories are slightly higher than those found for the entire sample are. The estimates for the group of workers who were employed in sales positions or in low-skill jobs are lower than those found for the entire population are.
Additionally, I evaluate the effects of occupational choice on net accumulation rate of human capital. These results are reported in Table 10 . I perform these estimations using a subsample of continuously employed women who did not give birth during the sample period.
I find no significant effect of occupations on net accumulation rate.
Selectivity Adjustment
The estimations use observations of wages before and after maternity leave. However, not all new-mothers return to the labor force before the completion of the survey. Truncated spells cannot be used, because data on the new wage are not available. Although the date of a child's birth is random, truncated unemployment spells might be correlated with longer unemployment. To correct for this selection I implement the conventional two-step selectivity adjustment procedure suggested by Heckman (1979) .
Selectivity adjusted results are reported in Table 9 . In these estimations, I assume that all explanatory variables are exogenous. First, I estimate a probit selection model using all exogenous variables and the month of childbirth. In column (3), I report the results obtained using additional instruments to control for the non-random selection. Selectivity-adjusted estimations show similar patterns to those obtained using the OLS specifications, which implies that the depreciation rate is not different for the truncated observations.
Step II: Evaluating the Effects of Work Effort Reallocation
At this stage I compare wage changes of new-mothers and non-mothers, before and after netting out the effect of human capital accumulation process. To adjust new-mothers wage growth I add the depreciation of human capital to the wage change. Non-mothers wage growth is corrected by subtracting the net accumulation of human capital. These estimations allow to decompose the wage change differential between new-mothers and non-mothers into two channels: loss of human capital accumulation and mean change in work effort.
To estimate the net accumulation rate (α − δ), I use a subsample of women who were continuously employed and did not have children during the survey period (Birth = 0). I estimate the following equation:
The results are reported in Table 10 . The monthly human capital net accumulation rate, (α−δ), is robust across various specifications and is around 0.2%.
To decompose the wage gap, I estimate the following specification:
where change in wage is corrected by netting out the changes in human capital, Δ ln w it = Δ ln w it + δM if Birth = 0 and Δ ln w it = Δ ln w it − ( α − δ)M if Birth = 1. I assume that there is no change in the effort allocation of continuously employed non-mothers.
Using equation (15) is used to evaluate new-mothers' mean change in work effort (scaled by the elasticity of effective market time with respect to effort exertion), which is summarized by the coefficient of the childbirth indicator. The difference between the coefficients of Birth in equations (11) and (15) provides an estimate of the mean motherhood wage rate loss driven by the foregone human capital accumulation.
Estimation results of equation (15) are reported in Table 11 . Column (1) reports the total wage growth differential between new-mothers and non-mothers; estimated using equation (11), the total motherhood wage penalty is around 5%. The estimation results of equation (15) are displayed in column (2) of Table 7 . The coefficient of the childbirth indicator is not significant, and its point estimate is positive. This result implies that, on average, forgone human capital accumulation while on maternity leave is the key mechanism behind the wage growth gap between new-mothers and women who did not have children during the survey period. The third column of Table 11 reports decomposition results using the OLS estimate of monthly depreciation rate, δ = 0.6%. In this case almost one third of the maternity wage loss remains unexplained by changes in human capital. The latter result is comparable to findings in the family gap literature. In a model that does not account for the correlation between maternity leave and effort reallocation this unexplained wage loss could be attributed to a reduction in the effort exerted at work.
The decomposition result does not imply that new-mothers do not adjust their effort. The empirical findings suggest that a woman who takes an average maternity leave will resume working with the same level of hourly effort. Moreover, on average, women who take shorter leaves exert lower effort upon their return to work, while women who take longer leaves return with higher work effort.
Conclusion
The negative impact of motherhood on individual wages is a well-established empirical fact.
The key explanations often found in the family gap literature include effects of career interruptions, energy demands of children and selection into motherhood. The existing literature offers various ways to estimate and decompose the family gap, and the findings tend to support, at least to some extent, all three explanations, though these estimates overlook potential biases generated by the relationship between the energy reallocation decision and the duration of maternity leave.
In this paper I examine the family gap in a dynamic model of human capital accumulation.
In the proposed setting labor force participation is endogenous and labor supply is measured by hours and effort. I derive a series of theoretical implications which are used to construct the empirical decomposition strategy.
Empirical estimations are performed in three steps. First, I net out individual fixed effects by constructing a first-differences log wage specification using pre-and post-motherhood wage rates. Second, I estimate the effects of the change in human capital on wage change, these estimations yield measures of depreciation and accumulation rates of human capital. The net accumulation rate is derived using wage observations of women who were continuously employed and did no have children during the survey period. To obtain a consistent measure of human capital depreciation I use a subsample of women who gave birth during the survey period. I control for the correlation between unobservable energy reallocation and maternity leave duration by substituting for a portion of the change in effort with a function of working hours before and after maternity leave, and employ instrumental variables to address the remaining heterogeneity. Finally, I evaluate the change in human capital for each worker and net it out from the disparity in wage growth driven by motherhood to deduce the proportion of the wage growth that is due to effort reallocation.
A new empirical evidence on the origins of wage losses associated with motherhood follows from using the alternative decomposition strategy. The results suggest that, on average, child care is more time consuming than energy consuming. On average, workers do not change their hourly work effort upon return to the labor force from maternity leave. The estimated wage losses are mainly driven by foregone human capital accumulation while on maternity leave, implying that the assertion that women with children exert less work effort is not well supported in the data. 
